Indonesia's climate is dominated by the equatorial monsoon system, and has been linked to El 17 
Introduction 28
The tropical warm pool surrounding the Indonesian maritime continent (IMC) is a region of 29 homogenous sea surface temperatures where atmospheric deep convection occurs, and plays a 30 key role in the regulation of the global tropical climate (Clement et al., 2005; Pierrehumbert, 31 1995) . 32 2011). In addition, the simulation of ENSO flavors in Global Climate Models (GCMs) is still 23 subject to limitations in our understanding of the phenomenon. Consequently, there is much 24 uncertainty about whether ENSO activity will be enhanced or damped in the future, or if the 25 relative frequency of ENSO flavors will change (Collins et al., 2010) . Long records of ENSO 26 activity are essential for identifying trends and multidecadal changes in the patterns of sea 27 surface temperature associated with ENSO, making palaeoclimate reconstructions particularly 28 attractive for shedding light onto the past and future of ENSO flavors. 29
Recent research on ENSO-proxy teleconnections recommends, that when interpreting proxy 30 data, differences in the influence of the two ENSO flavors on SST, precipitation and salinity 31 should be taken into account (Karamperidou et al., 2015) . Certain regions like Java lie in key 32 locations where interannual precipitation variability is significantly correlated to one ENSO 33 flavor but not the other (see Fig. 1 ). Thus, long-term rainfall proxies from Java can be useful 34 for distinguishing between ENSO flavors, and for studying their relation to monsoon 1 variability. 2 Over the last decade there have been several attempts to reconstruct continuous time series of 3 ENSO variability using different proxy archives such as corals (e. Wilson et al., 2010). However, many of these reconstructions are based on extratropical proxy 10 records, particularly from tree-ring widths, and thus do not represent ENSO activity directly. 11
Tree-ring stable isotopes often provide additional climate information where the more 12 commonly used tree-ring proxies (e.g., ring width and maximum latewood density) do not, or 13 where the teleconnection signal is weak. In tropical regions, oxygen isotope data from tree 14 In this study, we further show that precipitation anomalies in Java are sensitive to ENSO 28 flavors. Niños are associated with drought over Java (Fig. 1, upper ( Fig. 1, lower panel) , which makes it a key location for obtaining records able to distinguish 34 between the two ENSO flavors. The average regression coefficient between monthly 1 precipitation anomalies over Java and the WP ENSO index is -0.83 mm/day, while for CT 2 ENSO it is -0.03 mm/day (non-significant). 3
The growing season for teak in Central and Eastern Java occurs mostly during the wet season, 4 from October to May (Coster, 1928 (Coster, , 1927 Geiger, 1915; Schollaen et al., 2013) . In all 5 subsequent analysis, we use the southern hemisphere convention, which assigns to each tree 6 ring the year in which radial growth begins (Schulman, 1956 ). Thus lag-0 refers to the year n 7 where tree growth starts: Oct n -Sep n+1 . Lag-1 refers to Oct n-1 -Sep n. 8
Definition of ENSO flavors 9
In the following, we use the global SST dataset of Kaplan et al. (1998) . To calculate indices 10 for the two ENSO flavors we use the coordinate transform of the NINO3-NINO4 phase space 11
proposed by Ren and Jin (2011) and shown in Equation 1. 12 CT, or WP when N CT , or N WP are greater than one standard deviation of the respective 7 monthly index. We classify a year as La Niña (LN) when NINO4 is negative by less than one 8 standard deviation of the monthly NINO4 index. Table 1 shows the list of years classified as 9 CT, WP, and LN according to the above criteria. 10
ENSO signal assessment 11
To assess the long-term temporal stability of the ENSO signal, running 31-year correlations 12
were calculated between the δ following year. Statistically significant negative correlations were found for La Niña events in 2 January (Jan n+1 , r=-0.25) ( Table 2) . No positive correlation was found between the tree-ring 3 proxy and the CT ENSO index ( Table 2 ). As noted, the CT ENSO flavor has a weaker 4 influence over Java (Fig. 1) , therefore we expected the lag-0 correlation to be insignificant. 5
For reference, we also present the correlation with the standard ENSO index NINO3.4, which 6 shows no significance. 7
Although the δ 18 O TR record correlates significantly (p<0.05) with ENSO flavors, the response 8 is not stationary. Fig. 2 presents the running 31-year correlation and Kalman filter analysis 9 between the varying ENSO flavors and the tree-ring proxy for the period of highest 10 correlation (see Table 2 ). The teleconnection with Jan n+1 WP ENSO is strong and significantly 11 positive from the 1950s until present, with running correlations reaching 0.6, and an r of 0. The fingerprints of the ENSO flavors in the δ 18 O TR record can be seen in the probability 22 density function (PDF) of δ 18 O TR anomalies (Fig. 3) conditioned on ENSO phase. The δ 18 O TR 23 probability mass for WP El Niño is skewed towards positive anomalies associated with dry 24 conditions. By contrast, the PDF for CT El Niño events exhibits bimodality with peaks in 25 both positive and negative δ 18 O TR anomalies, suggesting this record is not a good proxy for 26 CT El Niño variability. 27
To further investigate expressions of ENSO variability in the δ 18 O TR record we performed 28 spectral analysis (Fig. 4a) . Spectral analysis of the δ 18 O TR record reveals a broad peak at 2-4 29 years, falling within the classic ENSO bandwidth (Sarachik and Cane, 2010) as well as 30 significant, decadal-to-multidecadal variability (12.5 years). Wavelet coherence analysis 31 between the proxy record and the WP ENSO and CT ENSO index (Fig. 4b,c) indicates that 32 the coherence varies in time across most spectral bands. The periods of greatest coherence in 33 time occur on inter-annual timescales (2-4 years), again spanning the classic ENSO 1 bandwidth. We found no significant coherence with CT ENSO index as expected. La Niña event. This is the case for the strong CT El Niño event in 1982/83 that was followed 17 by a La Niña, resulting in a low δ 18 O TR value (Fig. 2b, 2c ). High-resolution intra-annual 18 ring proxy data is that of WP El Niño. 25
Our analysis shows that the teleconnections described above are not stationary (Figs 2, 4) . 26 There is a drop in correlation in the first half of the 20 th century. One can speculate this 27 weakening teleconnection is related to the pattern of relatively weak and irregular ENSO the low correlation between the tree-ring proxy and June to November ENSO indices. To 8 distinguish the causes of inter-annual rainfall variability across Java future work needs to 9 focus on high-resolution δ 18 O TR records. 10
Conclusions 11
In this study we used a δ Adler, R. F., Huffman, G. J., Chang, A., Ferraro, R., Xie, P.-P., Janowiak, J., Rudolf, B., 5
Schneider, U., Curtis, S., Bolvin, D., Gruber, A., Susskind, J., Arkin, P., and Nelkin, E. 1900 1902 1904 1907 1913 1927 1929 1939 1941 1957 1958 1968 1978 1979 1987 1990 1994 2002 2003 2004 CT 1905 1911 1914 1918 1919 1923 1925 1930 1940 1965 1972 1976 1982 1986 1991 1997 LN 1909 1916 1917 1920 1924 1933 1938 1942 1949 1955 1970 1973 1975 1983 1998 1999 2000 2005 2007 4 Table 2 (black line) used as a dynamic regression-modeling tool. Grey shading denotes ± 2 standard 8 error limits of the beta weights. Where the limits do not cross zero, the regression relationship 9 are considered statistically significant (p=95%). ENSO events based on classification of Table  10 La Niña events The wavelet coherence illustrating temporal frequency coherence between the time series at 6 given periods. The thick black contour designates where time series share significant 7 coherence (p=95%) and the cone of influence where edge effects might distort the picture is 8
shown as a lighter shade. Arrows indicate the phase relationship between series with in-phase 9 pointing right and antiphase pointing left.
